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TECENICAL NOTE 3649

STATIC LONGI?lUOINALAND LATERAL STABILITY CHARACTERISTICS

AT LOW SPEED OF UNSWEFT-MIDWING MODELS HAVING

WINGS WITH AN ASPECT RATIO OF 2, 4, OR 6

By Walter D. Wolhart and David F. Thomas, Jr.

A systematic investigation was made in the Langley stabili~ tunnel
to determine the effects of the various components and combinations of
components on the static longitudinal and lateral stabili~ character-
istics at low speed of unswept-midwing models having wings with an aspect
ratio of 2, 4, or 6 through an angle-of-attack range from”-40 to 320.
Also included are the effects of large angles of sideslip at several
angles of attack for some of the components and combinations of
components.

The results of this investigation have indicated that, at low and
moderate angles of attack, decreasing wing aspect ratio decreases the
tail.contribution to longitudinal stability. Near we angle of maximm
lift for the wing-alone configuration, there is a pronounced increase
in longitudinal stabill~ for all configurations involving the wing for
all wing aspect ratios.

For the complete model, changes in wing aspect ratio generally
had little effect on the tail contributionto directional stabild.ty
throughout the angle-of-attack range investQated. The most noticeable
effect of wing aspect ratio on the lateral stability characteristics
occurred for configurations involving the aspect-ratio-2 wing-fuseMge
combination. These configurations showed abrupt variations in the side-
sldp derivatives or hysteresis occurring at small angles of sideslip for
angles of attack of about 20° and 26°, respectively.

A Mrge decrease exists in the vertical-horizontal tail contribu-
tion to directional stability at moderate and high angles of attack
because of wing-fuselage interference at the tail which is counteracted
by a stable shift in the directional stabili~ of all wing-fuselage
cotiinations. This conibinationof effects results in all complete-
model configurationsbeing directionally stable throughout the angle-
of-attack range investigated.
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INTRODUCTION

In general, the stability characteristics of midwing or near-midwing
airplanes can be estimated with good accuracy at low angles of attack
by various theoretical and empirical methods such as those presented in
reference 1. The results, however,“atmoderate and high angles of
attack are oftentimes unreliable because of the unpredictable interfer-
ence effects of the varicnm components.

Considerable information is available on the influence of the wing,
fuselage, and tail geometry on the static stability characteristics of
high-aspect-ratio umswept-wing configurations (for example, refs. 2
to 4). More recent information on unswept-wing models is presented in
references 5 to 8, for example. However, there is little information
of a systematic nature on the effects of wing aspect ratio for complete
models.

This paper presents the results of a systemtic investigation to
determine the effects of the various components and combinations of
components on the static stabili~ characteristics at low speed of
unswept-midwing models having wings with an aspect ratio of 2, 4, or 6
through an angle-of-attack rsnge from -4° to 32°. Also included are
data for large angles of sideslip at several an.gles.ofattack for
various components and combinations of components.

The data
of forces and
axes with the

SYMEOLS

presented herein are in the form of standard coefficients
moments which are referred to the stabili~ system of
origin at the projection on the plane of synmetry of the

calculated aeroac cent& of the wing. Po;itive dir&ctioz& of
forces, moments, and angular displacements are shown in figure 1. The
coefficients and symbols are defined as follows:

A aspect ratio, b2/S

b span, ft

s surface area, sq ft

c local chord.parallel to

E mean aerodynamic chord,

plane of symmetry, ft

J

b/2
~ C%y, ft
so
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P

CL

CD

Cy

cm

c1

Cn

3649

spanwise distance measured from and
Sylmnetry,ft

perpendicular

3

to plane of

tail length, distance measured parallel to fuselage center
line f$om-mounting point to =/4 of the tail, ~

-c pressure, p@/2, lb/sq ft

mass densi~ of air, slugs/cu ft

free-stream velocity, ft/sec

ordinate of circular fuselage, in.

longitudinal distance fYom fuselage nose measured parallel to
fuselage reference line, in.

angle of attack, deg

angle of sideslip, deg

lift coefficient, ~

q%

drag coefficient, -
Q%

lateral-force coefficient, Lateral force

~~

pitching-moment coefficient, ‘itcMng ‘omnt

@@~

rolling-moment coefficient, RoU_ing moment

yawing-moment

a~
= —per degree

cy~ a~

aCn
—per degreec% = ap

@wb’w

Yawing moment
coefficient,

,-,
~~%

-,
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Subscripts:

w

VH contribution of
various force

t tip

r root

max

the
and

Model component designations:

w wing alone

F fuselage alone

VH vertical-horizontal
(tail alone)

vertical-horizontal
moment coefficients

NACA TN 3649

tail assenibl.yto

tail combination, alyBYs tested as a unit

w)? wing-fuselage combination

wing-tail ccxibination

fuselage-tail combination

WFVH wing-fuselage-tail combination (complete modelJ

Nomenclature used to denote configurations involved in method of
subtracting data of various configurations to obtain the contribution
of the vertical-horizontal tail assembly to the various force and moment
coefficients.

FVH-F fuselage-tail combination minus fuselage alone

WVH-w wing-tail combination minus wing alone

WFVH-wF complete model minus wing-fuselage ccnibination

—. _.—
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A2MRATUS AND MODELS

.,

This investigation was made in the 6-foot-diameter test section
of the Langley stability tumnel. The models were mounted on a single
strut support which was in turn fastened to a conventional six-component .
balance system.

The models used in this investigation were constructed primarily
of laminated mahogany and consisted of three unswept wings with an
aspect ratio of 2, 4, or 6, a fuselage with a fineness ratio of 7.’5,
and unswept vertical and horizontal tails with aspect ratios of 2 and
4, respectively. In general, the models were designed”to permit testing
of the individual components as well as vsrious combinations of the
components. The only exceptions were the horizontal and vertical tails
“whichwere not separable and were always tested as a unit. For the
wing-tail configurations, the tails were mounted at the appropriate tail
length on a steel tube of small diameter which was in turn fastened to
the wing. The isolated tails were mounted on the same tube which was
then attached to the model support strut. Geometric characteristics of
the various components sre given in figures 2 and 3 and table I. The
coordinates of the fuselage are given in table II. Photographs of two
model configurations are presented in figure 4.

TESTS AND.CORREC!TIONS

All the tests were made at a dynamic pressure of 24.9 pounds per
square foot which corresponds to a Mach nuniberof 0.13. The Reynolds
numbers based on the mean aerodynamic chord of the various wings were

1.02 x 106 for the aspect-ratio-2 wing, 0.72’x 106 for the aspect-rati~.
4 wing, and 0.59 x 106 for the aspect-ratio-6 wing. The static longi-
tudinal and lateral stabili~ characteristicswere obtained for sm
angle-of-attack range from appro=tely -4° to 32° from tests tie at
angles of sideslip of 0° and so. In addition, several.configurations
were tested through a sideslip range from -200 to 20° for several
angles of attack.

Approximate jet-boun@ corrections were applied to the angle of
attack and drag coefficients by the methods of reference 9. Horizontal-
tall-on pitching-moment coefficients were corrected for the effects of
the jet boundaries by the methods of reference 10. These data are not
corrected for the effects of the sup~ort strut or blockage.
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PRESENTATION OF RESULTS

The basic
ation of ~,

static longitudinal-stabilitydata, which show the vari-
~, a@ ~ with a for the various components and ~

combinations of components, are ~resented in figures ~ and 6. The
effects of the various components on the tail contribution to ~ and

~ are presented in figures 7,and 8, respectively. The effects of

wing aspect ratio on-the variation of c~,~ x E~/z with a are pre-

sented in figure 9. Examples of the effect of sideslip angle on the
static longitudinal stabili~ characteristics of various configurations
at several angles of attack are presented in figures 10 to 13.

Examples of the variation of Cy, ~ and Cl with ~ for various

configurations at several angles of attack are presented in figures 14
to 18. The basic static lateral-stability data, which show the variation
of Cy ,

$ c%’
and Cl

P
with a for the various components and combi-

nations of components, are presented in figures 19 and 20. The effects
of the various components on the tail contribution to Cy ,# CIlp,~

CIB are presented in figures 21 to 23. The effects of * aspect

ratio on the variation of CW,W x ~/z with a are presented in
figure 24.

DISCUSSION

In general, the discussion of the results of this investigation
will be confined to pitching-moment and directional stabili~ character-
istics. It should be kept h mind throughout this discussion that
comparing moment coefficients for similar configurations,where wing
aspect ratio,is the only variable, can be somewhat misleading since the
coefficients are based on geometric characteristics of the wing and,
therefore, are not based on a ccmmon length. The effect of changing the
basis of the mcment coefficients is illustrat~ in figures 6 and 20 for
the w5ng-off configuration. The force coefficients, however, sxe directly
canparable since the w5ng area rema@ed constant for all wing aspect
ratios.
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Static Longitudinal StabiM@ Characteristics

I!asicstatic longitudinal stability characteristics.- The basic
static longitudhal stabili~ characteristics are presented in figures 5
and 6 for wing-on and wing-off configurations, respectively. These
data show that all complete-model configurations are unstable at low
angles of attack fo~ the present center-of-gravity location. An exami-
nation of wing-on and wing-off data shows, as might be expected, that
this instability is lsrgely due to the unstable contribution of the
fuselage and a reduction in the horizontal-tail contribution to pitching-
moment coefficient ~,~ when the tail acts in the presence of the

wing. At angles of attack approaching ~,m for the wing-alone con-

figuration, there is a pronounced increase in longitudinal stability
for all configurations involving the wing for all wing aspect ratios
because of a rearward shift in center of pressure on the wing. Apparently,
the NACA 65AG08 airfoil sections used on these wings exhibit the thin-
airfoil type of stall (a stall that is preceded by flow separation at
the leading edge with reattachment at a point which moves progressively
rearward with increasing angle of attack), noted in reference Ill_,and a
subsequent rearward shift”in center of pressure. The fact that this
increase in stibil.itycoritinuesover a larger angle-of-attack range for
tail-on configurations is attributed to an increase in ~,~ as the

center of the wing wake moves farther above the tail with increasing
angle of attack. A more detailed discussion of how ~,~ is influenced

by interference from the various components is given in the following
section.

Tail contributions.-The effects of interference from the various
components on the contribution of the vertical-horizontal.tail co@i-
nation to lift and pitching-moment coefficients are presented in fig-
ures 7 and 8, respectively, which show the variation of ~,~ and

~,~ with u. These data show that the wing has the most marked effect

on the tail contribution to pitching moment and decreases q,~ appre-

ciably at both low and moderate angles of attack becau$e of either
downwash or decreased C@amic pressure or both in the region of the tails.
This condition is further aggravated for the tails in the presence of
the wing-fuselage combination, although the fuselage itself had little
effect. The larger decrease in ~,~ for the tails in the presence

of the wing-fuselage combination as compared with that for the wing
alone is attributed to increased downwash associated with the increased
lift-curve slope (fig. 5) of the wing-fuselage co~btion. At high
angles of attack there is an increase in ~,~ as the center of the

wing wake moves farther above the tail and ~,~ approaches that of

the wing-off case.
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As mentioned previously, the effects of wing aspect ratio on
pitching moment, when presented in coefficient form, are somewhat obscure .
because of the decrease in Ew with increasing aspect ratio; therefore,

figure 9 has been prepared and shows the variation of Cm,mx -%/2

with a. M.iLtiplying ~,~ by %/2 gives a pitching-moment coeffi-

cient based on the tail length 2 which was the same for all configura-
tions. These data show a large decrease in the tail contribution to
pitching moment for the tail in the presence of the wing either with
or without a fuselage because of either downwash or decreased dynamic
pressure or both. As might be expected, decreasing wing aspect ratio
decreases the tail contribution to pitching moment since downwash varies
inversely with wing aspect ratio.

Variation of ~ and ~ with B.- The variation of ~ and ~

with ~ at several angles of attack for the complete model employing
the aspect-ratio-2 wing plus several of its components is shown in
figures 10 to 12. Data were also obtained for the complete model
employing the aspect-ratio-4 wing and these @ta are presented in fig-
uxe 13. These data show that ~ and ~ remain essentially constant .

for angles.of sidesMp up to about 10° at angles of attack of about 0°
and 10° for the complete mdel employing either the aspect-ratio-2 or
the aspect-ratio-4 wing. However, at angles of attack of about 200

.

smd 26°, sideslipping the complete mdel in either-direction from B = 0°
results in a positive increment in pitching-moment coefficient with
increasing ~gle of sideslip with either the aspect-ratio-2 or aspect-
ratio-4 wing.

In ge~eral, adding the tails to the aspect-ratio-2 wing-fuselage
combination or wing-alone configuration has little effect on the vari-
ation of ~ with ~ at angles of attack of about 20° and 26°.
(Compare figs. 10(a) with 10(b) and n(a) with n(b) .) The main excep-
tion is the wing-tail configuration-at an angle of attack of about 26°
which shows a negative increment in ~ when the mdel is sidesMpped

from 13. 0° for angles of sideslip up to about *lOO. For wing-off
configurations (fig. M!), sideslipping the model had little effect on
Cm for sidesllp angles up to about flOO. In general, then, it appe~s

that the positive increment in ~ when the complete model is sidesMpped

tiom f3. 0° is due in a large part to a forward shift in center of
pressure on the Wing-fuselage combination.
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Variation of Cy, ~, and Cz with 13.- Before discussing the

static lateral stabili~ characteristics as determined’from P = -+50,
some consideration will.be given to the variation of Cy, %, ~d C2

tith ~ at ~veral angles of attack. Data were obtained for the com-
plete model employing the aspect-ratio-2 wing plus the various components
and are presented in figures 14 to 17. Data were also obtained for the
complete model employing the aspect-ratio-4 wing and these data are pre-
sented in figure 18.

These data show that the c~es of Cy, ~, and C2 plotted

against ~ are reasombl.y linear for angles of sidesl.ipup to about

P ~10° for angles of attack of approdmtel.y 0° and 10° for the tom- “
pl=te model empl@@ either an aspect-ratio-2 or aspect-ratio-4 wing.
At angles of attack of approximtel.y 20° and 260, however, some rather
sharp breaks In the curves occur for the complete model with the aspect-
ratio-2 wing at small sideslip angles, and these data show the aerody-
namic hysteresis noted in reference 7. The aerodynamic hysteresis is
most noticeable at a = 26° and is characterized by a discontinui~ in
the curves of Cy, Cn, and Cz With ~. The breaks occur at positive

angles of sidesl.ipwhen the sideslip angle is varied from negative to
positive, and when the sidesllp angle is varied frbm positive to negative
the converse is true. The curves have been faired to show breaks
occurring at the angle of sideslip at which large changes in loading on
the model take place as noted.by visual observation of the balance indi-
cators. It should be pointed out that no evidence of hysteresis was -
found in the static longitudinal stability characteristics (figs. 10
to 13).

The reasonas to why hysteresis shows up in the lateral stabili~
characteristics is not known, and it appesrs that flow studies or
pressure-distributiontests are necessary in order to establish the
nature of the flow over the model. However, from an examination of the
results for the various components and cofiinations of components for
the aspect-ratio-2 model (figs. 14 to 17), it becomes evident that the-
hysteresis is due to an aerodynamic phenomenon associated tith the w&ig-
fuselage combination. Some nonlinearities were noted in the data near

P = 0° for the wing alone or the wing-tail configuration at an angle
of attack of about 20°, but there was no hysteresis for these configu-
rations. At the present time, about all that can be said by ~ of
explanation of the hysteresis is that once a definite’loading has beeti
established on the win&-fuselage combination, the conibinationtends to
retain the loading even though the sideslip angle is reversed. ..

,,,, . ,.
~,. . ..,
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The hysteresis, although occurring at angles of attack which are
beyond the normal fl&ht range of airplanes, may become important during -
maneuvers at M@ altitudes, especially for tissil.es. It is expected
that the hysteresis might be affected appreciably by increasing the
Reynolds nuder, although a check at the highest Reynolds number attain-

able (I-.61x 106) showed no effect”

Since hysteresis was not obtained with the aspect-ratio-4 complete
model (fig. 18), this effect is probably confined to relatively low-
aspect-ratio wings. However, as noted in reference 4, the location of
the wing-fuselage juncture, which chsnged with changes in wing aspect
ratio, can influence the loading on the center section of the wing
appreciably. In addition, changing the shape of the fuselage in the
vicinity of the wing by adding closed horizontal ducts to the aspect-
ratio-2 complete-mcdel configuration eliminated the hysteresis as shown
in reference 7.

Basic static lateral stabili~ characteristics.-The basic static
lateral.stabiM~ derivatives Cy ,

P %’
and Cz , plotted against

$
angle of attack, sre presented in figures 19 and 20 for wing-on and
wing-off configurations, respectively. Since there is considerable
uncertain~ about the slopes for configurations involving the aspect-
ratio-2 wing for angles of attack above about 20° because of the non-
linear variation of Cy, ~, and Cz with P near P = 0°, resort

has been made to the use of a dotted-line fairing in order to distinguish
this range. Although no extended sideslip data are available for angles
of attack between about 10° and 20°, it should be pointed out that the
curves of Cy, ~, and Cz plotted a@nst 13 may alsobe nonlinear

for angles of attack somewhat less than 20°.

A comparison of results for tail-on and tail-off configurations
shows that a lqrge decrease exists in the vertical-horizontal tail con-
tribution to directional stabili~ at moderate and high angles of attack
when the tails act in the presence of the wing or wing-fuselage ccmibi-
nation. In approximately the same angle-of-attack range there is a
stable shift in the directional stability of all wing-alone or wing-
fuselage configurations./ These two effects tend to cancel one another
and result h all wing-tail or complete-mcdel configurationsbeing
Mrectionaldy stable throughout the angle-of-attack range investigated.

Breaks in the force and moment cqrves for wing-on configurations
generally occur at progressively lower angles of attack with increasing
wing aspect ratio as shownin figure 19. These breaks correspond to
breaks in the lift and pitching-moment curves as shown in figure 5 and
are attributed to flow ”sepsrationon the wing. The effective dihedral
paraqeter Czp becomes increasingly negative for wing-on configurations
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at the angle of attack corresponding to these breaks. The vertical-
horizontal tail conkdnation contributes a large negative.increment to

Czp near a = 0°, but has little effect at moderate and high angles of

attick compared with that of the wing contribution.

Tail contribtiions.-The contribution of the vertical-horizontal
tail conkd.nationto the sideslip derivatives is presented in figures 21
tO 23. The tail-alone contribution to the directional-stability param-
eter C%,~ was essentially constant throughout the angle-of-attack

. .
range and possibly increased slightly for angles of attack between 8°
and 24° as shown in figure 22. The fuselage had little effect on cq3,vH
throughout the angle-of-attack range investigated.

The tail contributionto directional stabili~ was increased slightly
for all wing-tail configurations for angles of attack up to the angle
at which flow separation occurs on the wing. Flow separation from the
wing is indicatedby a reduction in lift-curve slope of the wing alone
as well as by breaks in the other force and moment curves. At high
angles of attack, the wing interference at the tail was adverse and
reduced C%,m by as much as 50 percent of the value at a = OO.

In general, the tail contribution to’ C% for the complete model

is comparable with that for the fuselage-tail co@@ation for angles of
attack up to the singleat which flow separation occurs’on the wing.
Apparently, mutual interference of the wing-fuselage coddnation decreases
or eliminates the favorable interference noted for the wing-tail con-
figuration. The reason as to why the wing-tail configuration results
in favorable interference is not known, although the lack of interference
for the complete mdel is in qg?eement with the theoretical investigation
of reference I-2. Reference 12 shows that, when the wing is placed in
a high or low position on the fuselage, a large spanwise pressure gradi-
ent is produced on the sideslipped wing which will induce sidewash at
the tail. This static-pressure gradient is due to the antisynmetrical
loading induced on the wing by the fuselage and results in adverse and
favorable sidewash at the tail for high- and low-wing arrangements,
respectively. For midwtng arrangements, such as those used in the pres-
ent investigation, this antisymmetrical loading does not exist and no
sidewash is produced. At high angles of attack, adverse interference
at the tail due to the wing accounts for about ~ percent of the reduction
in.tail effectiveness for the complete tiel with the exception of the
aspect-ratio-2 complete model. There are some inconsistencies for con-
figurations employing the aspect-ratio-2 wing, but as mentioned previously,
there is considerable uncertainty in these data at high angles of attack
because of aerodynamic hysteresis.
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A direct measure of how the tail contribution to directional sta-
bil.i@ is affectedly changes in wing aspect ratio is provided in fig-
me 24 which shows the variation of C~,vEx%/Z ~th a. ~sfig-
ure provides a comparison between wing-on and wing-off tail contributions
both with and without the fusebge. As mentioned previously, without
the fuselage the wing increases the tail contributian,to directional
stabiMty slightly for angles of attack up to the angle at which flow
separation occurs on the wing. The increase is greatest and extends
to highest angles of attack for the aspect-ratio-2 wing. Although one
might e~e%t a systematic effect 6f.wing aspect ratio, this iS not the
case herein and the aspect-ratio-6 wing shows a greater increase than the
aspect-ratio-4 wing. At high angles of attack, the effects of wing
aspect ratio ~e inconsistent and small in comparison with the effect
of angle of attack.

The tail contribution to .tiectional stabili~ for the complete
mcdel generally decreases with increasing wing aspect ratio in the angle-
of-attack ramge from appro~tely 0° to the angle of attack at which
flow separation occurs on the wing. The effects shown are s*, how-

ever, and the results are roughly comparable wfth those for the tail in
the presence of the fuselage. At higher angles of attack, there is a
rapid decrease in tail effectiveness for the complete model for all wing
aspect ratios, as was the case for the wing-tail configuration. In
general, the effects of changes in *g aspect ratio Fe s- ~ cow~-
ison with the effects of angle of attack. Some inconsistencies exist
for configurations eruployingthe aspect-ratio-2 wing above about u . 20°;
buizas mentioned before, th=e is consid=able U.ncertainityin these
data because of aerodynamic hysteresis.

.

CONCLUSIONS

The results of a wind-tunnel investigation to determine the static
longit~ and lateral stabi~~ characteristics at low speed of
unswept-midwing models having wings with an aspect ratio of 2, 4, or 6

0 to 32° indicate the followingthrough an angle-of-attack range from ~
conclusions:

1. At low and moderate angles of attack, decreasing wing aspect
ratio decreases the tail contribution to longitudinal stabili~. Near
the angle of ~ lift for the wing-alone configuration, there is a
pronounced increase in longitudinal stabiM~ for allconfigurations
involving the wing for all wing aspect ratios.

“

.
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2. For the complete mcdel, changes in wing aspect ratio.generally
had little effect on the tail contribution to directional stability
throughout the angle-of-attack range investigated. The most noticeable
effect of wing aspect ratio on the lateral.stability characteristics
occurred for configurations involving the aspect-ratio-2 wing-fuselage
conibination. These configuratiorisshowed abrupt variations in the
sideslip derivatives or hysteresis occurring at small angles of sideslip
for angles of attack of about 20° and 26°, respectively.

3. A large decrease exists in the vertical-horizontal tail contri-
bution to directional stabili~ at moderate and high angles of attack
because of wing-fuselage interference at the tail which is~ounteracted
by a stable shift in the directional stabi~~ of all wing-fuselage
conibinations. This combination of effects results in all complete-
model configurations being directionally stable throughout the angle-
of-attack range investigated.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., February 1, 1955.

-. —. — .—__ ____ —. ——— —
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CHARACTERISTICS

Fuselage:
3.75
7*5O

Length, f%....
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II!AILE II.- CCQRDINATES OF THE

C~CUIAR-CRoss-S~ION FUSELAGE
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